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In recent years, there has been considerable 
progress in understanding the mechanisms regu-
lating the tissue-specific migration of lympho-
cytes to peripheral sites. An evolving concept is 
that environmental factors at the site of initial 
priming induce the expression of tissue-selective 
homing molecules on activated lymphocytes. In 
support of this, numerous studies have demon-
strated a pivotal role for antigen-presenting cells 
in the programming of lymphocyte trafficking 
patterns  during  priming  (Mora  et  al.,  2003; 
Iwata et al., 2004; Sigmundsdottir et al., 2007). 
In contrast, several recent studies suggest a pli-
able property of memory T cells in terms of 
their tissue tropism. Adoptive transfer and para-
biosis studies have shown that the location of 
initial  priming  has  little  impact  on  the  ability   
of circulating effector memory T cells (TEMs)   
to  migrate  to  different  nonlymphoid  sites 
(Klonowski et al., 2004; Masopust et al., 2004). 
One explanation for this pleotropic homing 
ability is that activated CD8+ T cells disseminate 
from LNs draining the site of infection to distant 
LNs,  where  they  acquire  additional  tissue-
homing molecules associated with the local 
microenvironment (Liu et al., 2006). Moreover, 
the migration of circulating central memory   
T cells (TCMs) to nonlymphoid tissues also re-
sults in functional and phenotypic conversion to 
tissue-resident  TEM  phenotype  (Laouar  et  al., 
2005, 2007; Kohlmeier et al., 2007; Marzo et al., 
2007). Together, these studies demonstrate that 
the site of initial priming, the continued matura-
tion of activated T cells in nondraining lym-
phoid tissues, and the local environment within 
nonlymphoid tissues all contribute the migra-
tory properties of memory CD8+ T cells.
Studies in both humans and mice have 
shown that substantial numbers of TEM persist in 
the lung airways after the resolution of respira-
tory virus infections. The numbers of TEM in the 
lung airways gradually decline over the first   
6 mo after infection and then stabilize as a rela-
tively small population of memory T cells that is 
maintained in the lung airways indefinitely   
(Ostler et al., 2001; Hogan et al., 2001a; Wiley 
et al., 2001; de Bree et al., 2005; van Panhuys   
et al., 2005). This decline and stabilization in the 
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After respiratory virus infections, memory CD8+ T cells are maintained in the lung airways by 
a process of continual recruitment. Previous studies have suggested that this process is con-
trolled, at least in the initial weeks after virus clearance, by residual antigen in the lung-
draining mediastinal lymph nodes (MLNs). We used mouse models of influenza and 
parainfluenza virus infection to show that intranasally (i.n.) primed memory CD8+ T cells 
possess a unique ability to be reactivated by residual antigen in the MLN compared  
with intraperitoneally (i.p.) primed CD8+ T cells, resulting in the preferential recruitment  
of i.n.-primed memory CD8+ T cells to the lung airways. Furthermore, we demonstrate that 
the inability of i.p.-primed memory CD8+ T cells to access residual antigen can be corrected 
by a subsequent i.n. virus infection. Thus, two independent factors, initial CD8+ T cell priming 
in the MLN and prolonged presentation of residual antigen in the MLN, are required to 
maintain large numbers of antigen-specific memory CD8+ T cells in the lung airways.
© 2010 Takamura et al.  This article is distributed under the terms of an   
Attribution–Noncommercial–Share Alike–No Mirror Sites license for the first 
six  months  after  the  publication  date  (see  http://www.rupress.org/terms). 
After six months it is available under a Creative Commons License (Attribution– 
Noncommercial–Share Alike 3.0 Unported license, as described at http://creative-
commons.org/licenses/by-nc-sa/3.0/).
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lung airways compared with i.p.-primed CD8+ T cells, and the 
defective recruitment of i.p.-primed memory CD8+ T cells 
to the lung airways was not corrected by the presence of 
cognate residual antigen in the mediastinal LN (MLN). Im-
portantly, the ability of virus-specific memory CD8+ T cells 
to be activated by residual antigen in the MLN was re-
stricted to i.n.-primed cells, and this activation resulted in 
multiple phenotypic changes which are associated with lung 
airway-resident cells. Collectively, the data suggest that not 
only the prolonged presentation of cognate antigen in the 
MLN but also T cell priming in the LNs that drain the re-
spiratory tract during the primary response are required for 
the continual recruitment of memory CD8+ T cells to the 
lung airways.
RESULTS AND DISCUSSION
Defective recruitment of virus-specific CD8+ T cells  
in the lung airways after i.p. infection
To investigate the factors that regulate the recruitment of 
memory CD8+ T cells to the lung airways, we needed an ex-
perimental approach that would generate memory T cells at a 
distal site to the lung. We speculated that an i.p. infection offered 
a means to generate substantial numbers of effector and mem-
ory CD8+ T cells in the absence of a pulmonary infection. To 
confirm that virus is not transferred to the lung in the course 
of an i.p. infection, we analyzed the immune response and   
viral loads after i.p. infection with Sendai virus (Fig. 1 A). 
Even in the absence of a productive lung infection, i.p. infec-
tion elicited a robust Sendai-specific CD8+ T cell response in 
the spleen and lung parenchyma (Fig. 1 B). Notably, the 
numbers of Sendai-specific CD8+ T cells in the spleen and lung 
parenchyma were similar between i.p.- and i.n.-infected mice 
during the memory stages, indicating no requirement for i.n. virus 
number of memory T cells in the lung airways correlates with 
a progressive decline in cell-mediated protection from a sec-
ondary challenge (Liang et al., 1994; Kündig et al., 1996; Hogan 
et al., 2001b; Ray et al., 2004; Bachmann et al., 2005a,b). Un-
like memory T cell populations that reside in other anatomical 
locations, lung airway memory T cells are not directly main-
tained through cytokine-driven homeostatic proliferation within 
the lung airways. Rather, antigen-specific memory T cells 
present in the lung airways represent a dynamic population 
that is maintained by continual recruitment from the systemic 
memory T cell pool under steady-state conditions (Ely et al., 
2006). The accumulation of memory T cells in the airways 
under steady-state conditions is determined by migration from 
the circulation and cell death within the airways, a process which 
we refer to as continual recruitment. A recent study has dem-
onstrated that residual antigen is maintained in the local drain-
ing LNs for several months after respiratory virus infection, and 
it has suggested a model in which recent stimulation by resid-
ual antigen is required for continual recruitment of memory 
CD8+ T cells to the airways (Zammit et al., 2006). In addition, 
we  previously  demonstrated  that  systemic  memory  CD8+  
T cells generated after a respiratory virus infection could mi-
grate to the airways in the absence of cognate antigen, albeit at 
low levels (Kohlmeier et al., 2007). However, it is not known 
how the route of priming impacts the ability of these antigen-
dependent and -independent mechanisms to promote the re-
cruitment of memory CD8+ T cells to the lung airways.
To better understand the mechanisms regulating the con-
tinual recruitment of memory CD8+ T cells to the lung air-
ways, we investigated the localization of memory CD8+  
T cells that had been elicited by intranasal (i.n.) versus i.p.   
infection. The data show that i.n.-primed memory CD8+  
T cells were preferentially recruited and maintained in the 
Figure 1.  i.p.-primed memory CD8+ T 
cells display defective recruitment to the 
lung airways. C57BL/6 mice were infected 
either i.p. (104 50% egg infectious dose 
[EID50]) or i.n. (250 EID50) with Sendai virus.  
(A) The virus titers in the lung at days 7 and 11 
after infection determined by plaque assay. 
The dashed line indicates the lower limit of 
detection. (B) Cells were isolated from the 
spleen, lung tissues (cells located in the  
airways are not included), and lung airways at 
the indicated time points and stained with 
anti-CD8 and Sendai nucleoprotein (NP)324-332/Kb 
tetramer (n = 3–10 at each time point). 
Shown are the actual numbers of 
CD8+tetramer+ cells in each tissue.  
(C) C57BL/6 mice were infected either i.p. or 
i.n. with Sendai virus. Cells were isolated from 
the spleen at the indicated time points and 
stained with anti-CD8, the indicated marker-
specific mAb, and Sendai NP324-332/Kb tetramer 
(n = 3–10 at each time point). The percentage 
of tetramer+CD8+ cells expressing each 
marker is indicated. Error bars indicate SD.JEM VOL. 207, June 7, 2010  1155
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i.p.-primed memory CD8+ T cells are not activated  
by residual antigen in the MLN
Based on previously published studies, we hypothesized that 
the defective recruitment of i.p.-primed memory CD8+  
T cells to the lung airways was the result of a lack of residual 
antigen in the lung-draining LNs (Zammit et al., 2006). In 
support  of  this  hypothesis,  Sendai-specific  memory  CD8+  
T cells in the MLN after i.n. infection were mostly CD69+, 
suggesting recent antigen stimulation, whereas memory CD8+ 
T cells in the MLN after i.p. infection were mostly CD69 
(Fig. 2 A). In addition, after i.n. infection the majority of 
CD69+ memory CD8+ T cells in the MLN also expressed high 
levels of the integrins CD49a and CD103, which are associated 
with retention in the lung and extravasation through mucosal 
epithelium, respectively (Ray et al., 2004; Sung et al., 2006). 
In contrast to the MLN, both the frequency of cells expressing 
these integrins and the relative intensity of expression were low 
on i.n.-primed memory CD8+ T cells in the spleen and CD69 
memory CD8+ T cells in the MLN (Fig. 2, A and B, top). In 
the case of i.p. infection, up-regulation of these integrins was 
not observed on antigen-specific cells regardless of CD69 ex-
pression (Fig. 2, A and B, bottom). However, residual antigen 
is present in the MLN of i.p.-primed mice (Fig. S1), suggesting 
that the limited activation of i.p.-primed mem-
ory CD8+ T cells was a consequence of the in-
fection route and not a lack of residual antigen.
The rapid migration of antigen-bearing den-
dritic cells from the lung to the MLN is a well char-
acterized process after respiratory virus infection 
infection in the steady-state recruitment of antigen-specific 
memory CD8+ T cells to the lung parenchyma (Klonowski   
et al., 2004). The i.p. infection protocol also elicited memory 
CD8+ T cells that were phenotypically similar to those elicited 
by i.n. infection (Fig. 1 C).
In contrast to the lung parenchyma, the ability of i.p.- 
and i.n.-primed memory CD8+ T cells to localize to the lung 
airways was vastly different. As shown in Fig. 1 B, after i.n. 
infection a robust peak of recruitment to the lung airways 
was observed at day 10 after infection, followed by sustained 
continual recruitment of antigen-specific memory CD8+  
T cells at least 2 mo after infection. After i.p. infection, how-
ever, very few Sendai-specific CD8+ T cells were present in 
the lung airways during both the acute and memory phases. 
This limited recruitment of i.p.-primed cells to the lung air-
ways is not a unique feature of Sendai virus infection or peri-
toneal infection because an identical migratory pattern was 
also observed after i.p. infection with influenza virus or after 
subcutaneous Sendai virus infection and peptide vaccination 
(unpublished data). Collectively, we conclude that antigen-
specific memory CD8+ T cells originally primed via nonpul-
monary routes show a severe defect in recruitment to the lung 
airways under steady-state conditions.
Figure 2.  i.p.-primed memory CD8+ T cells are not 
activated by cognate residual antigen in the lung-
draining LNs. (A and B) Mice were infected either i.p. or 
i.n. with Sendai virus and rested for 30 d. (A) Tetramer+ 
cells in the MLN of i.n.-primed or i.p.-primed mice were 
analyzed for the expression of CD69, CD49a, and CD103 
on day 30 after infection. (B) Mean fluorescence intensity 
(MFI) of CD49a and CD103 on resting (CD69) or acti-
vated (CD69+) cells in the spleen and MLN on i.n.-primed 
and i.p.-primed tetramer+CD8+ cells. The data are from 
10–20 mice (mean ± SD). (C and D) Donor mice 
(CD45.1+CD90.2+ and CD45.2+CD90.2+) were infected 
either i.p. or i.n. with Sendai virus and rested for 30 d. 
After 30 d, CD8+ enriched splenocytes from each donor 
population were combined such that the number of  
Sendai NP324-332/Kb+ cells derived from each donor was 
equivalent and intravenously transferred into recipient 
mice (CD45.2+CD90.1+) that had been infected with  
either Sendai virus (C) or influenza x31 virus (D) 30 d 
before donor cell transfer. 7 d after transfer, cells were 
isolated from the MLN and spleen and stained with  
anti-CD8, congenic marker, and Sendai NP324-332/Kb tetra-
mer. The data show the frequency of CD69+ cells among 
CD8+tetramer+ cells in each tissue on day 7 after transfer. 
The parentheses indicate the manner by which the donor 
cells were originally primed. The data are representative 
of two independent experiments. Error bars indicate SD.1156 Lung imprinting of memory CD8+ T cells | Takamura et al.
observations, i.p.-primed OT-I cells in the MLN failed to 
express CD69, CD49a, and CD103 (Fig. S2). Therefore,   
despite being localized to similar areas of the LN, i.n.- and 
i.p.-primed cells have a differential ability to be reactivated in 
the MLN. Collectively with Fig. 2, these data demonstrate 
that the route of initial priming dictates the ability of memory 
CD8+ T cells to recognize residual antigen.
Cognate antigen is insufficient to restore steady-state 
recruitment of i.p.-primed memory CD8+ T cells  
to the lung airways
The finding that i.p.-primed memory CD8+ T cells are not 
activated by residual antigen in the MLN suggested that even 
if cognate antigen were present, i.p.-primed cells would ex-
hibit less steady-state recruitment to the lung airways than 
i.n.-primed cells. To test this hypothesis, we performed dual 
adoptive transfer studies to directly compare i.n.- and i.p.-
primed memory CD8+ T cells under identical conditions in 
the same host. At 1 wk after transfer, the relative recruitment 
of i.n.-primed cells to the airways was much higher than that 
of i.p.-primed cells (60 fold; Fig. 4 A and Fig. S3). In con-
trast, the relative recruitment to the MLN, lung parenchyma, 
and pleural cavity was similar between i.n.- and i.p.-primed 
cells, indicating that the inability of i.p.-primed cells to be   
(Legge and Braciale, 2003; Belz et al., 2004). Although it has 
been previously shown that the peritoneal cavity can also drain 
to the MLN, it was possible that the differences observed be-
tween i.n.-primed and i.p.-primed memory CD8+ T cells in 
this tissue were a result of the differential localization or altered 
activation status of APCs within the LN (Marco et al., 1992). 
Thus, we used a dual transfer approach to directly compare the 
ability of i.n.-primed and i.p.-primed memory CD8+ T cells to 
be reactivated by residual antigen under identical conditions in 
vivo. Surprisingly, after transfer into the same congenic host 
only i.n.-primed memory CD8+ T cells were activated by   
residual antigen, as measured by expression of CD69 (Fig. 2 C). 
Importantly, this activation required cognate antigen stimula-
tion, as neither i.n.-primed nor i.p.-primed Sendai-specific 
cells expressed CD69 after transfer into mice that had been 
primed with influenza x31 (Fig. 2 D).
To determine whether the inability of i.p.-primed cells to 
recognize residual antigen was a consequence of differential 
T cell localization within the MLN, we used a TCR trans-
genic system to visualize antigen-specific i.n.- and i.p.-primed 
cells in the same host (Fig. 3 A). As shown in Fig. 3 B, both 
i.n.-primed (CD90.1+, top) and i.p.-primed (CD45.1+, bottom) 
OT-I cells localized to the T cell– and dendritic cell–rich   
areas in the MLN. Furthermore, consistent with our previous 
Figure 3.  Similar distribution of i.p.- and i.n.-primed antigen-specific CD8+ T cells within the MLN. C57BL/6 mice were infected i.n. with  
x31-OVAI and, 30 d later, were infected i.p. with WSN-OVAI. To distinguish i.p.- and i.n.-primed CD8+ T cells, CD90.1+ or CD45.1+ naive OT-1 cells were 
transferred into recipient mice 1 d before each infection, respectively. MLNs were harvested, embedded in OCT, and frozen at day 14 after i.p. challenge.  
(A) Frozen sections were stained with each congenic marker to visualize i.p.- or i.n.-primed antigen-specific CD8+ T cells (green) and with antibodies to 
CD3, CD11c, or CD19 (red) to visualize total T cells, dendritic cells/macrophages, or B cells, respectively. Images are representative of three mice analyzed 
in two independent experiments (B).JEM VOL. 207, June 7, 2010  1157
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reactivated by residual antigen impacts their ability to migrate 
specifically to the lung airways. Furthermore, the enhanced 
recruitment of i.n.-primed cells to the airways was dependent 
on antigen restimulation, as the relative recruitment between 
i.n.- and i.p.-primed cells was equivalent when transferred 
into mice primed with an irrelevant virus (Fig. 4 B). To investi-
gate whether the enhanced recruitment to the airways was 
limited to steady-state conditions, we investigated the recruit-
ment of i.n.- and i.p.-primed cells to the airways in response 
to localized inflammation. After administering CpG to the 
airways, both i.p.- and i.n.-primed memory CD8+ T cells 
were rapidly recruited to the airways with equal efficiency 
(Fig. 4 C). In addition, secondary effector CD8+ T cells gener-
ated from an equal number of i.n.- and i.p.-primed memory 
T cell precursors after transfer into a naive host were recruited 
Figure 4.  Site of initial priming is essential for antigen- 
dependent recruitment of memory CD8+ T cells to the airways 
under steady-state conditions. (A and B) Donor mice (CD45.1+CD90.2+ 
and CD45.2+CD90.2+) were infected either i.p. or i.n. with Sendai virus,  
respectively, and splenocytes were harvested and combined as  
described in Fig. 2. Recipient mice were infected with either Sendai virus 
(A) or influenza x31 virus (B) 30 d before donor cell transfer. 7 d after 
transfer, cells were isolated from the BAL, lung parenchyma, pleural 
cavity, MLN, and spleen and Sendai-specific donor CD8+ T cells were 
detected by flow cytometry. The data are shown as the relative recruit-
ment to the indicated tissue comparing i.n.-primed donor cells versus 
i.p.-primed donor cells, and each symbol represents an individual 
mouse. (C) C57BL/6 mice were infected i.n. with influenza x31 1 d before 
i.p. infection with Sendai virus. After 30 d, mice were administered CpG 
i.n., and the relative recruitment of i.n.- and i.p.-primed cells to the  
indicated tissues was determined by staining with influenza- and  
Sendai-specific tetramers, respectively. (D) Donor memory T cells from  
i.n.- and i.p.-primed mice were prepared as described in A and B and 
injected into naive recipient mice. 1 d later, the recipient mice were 
challenged with Sendai virus and the relative recruitment of effector  
T cells from the donor populations was assessed at day 11 after infec-
tion. The data are representative of two independent experiments.  
Horizontal bars represent the mean.
Figure 5.  Memory CD8+ T cells initially primed i.p. acquire the 
characteristics of i.n.-primed cells after a secondary i.n. challenge. 
Donor mice (CD45.1+CD90.2+ and CD45.2+CD90.2+) were infected either 
i.p. or i.n. with Sendai virus, respectively. 30 d later, splenocytes were  
enriched for CD8+ cells using negative selection columns and total mem-
ory cells (CD44hi) were purified by cell sorting. Cells were combined such 
that the number of Sendai NP324-332/Kb+ cells derived from each donor  
was equivalent and intravenously transferred into recipient mice 
(CD45.2+CD90.1+). 1 d after transfer, the recipient mice were i.n. chal-
lenged with Sendai virus and analyzed 1 mo later. (A) Relative recruitment 
of i.n.-primed donor CD8+ T cells versus i.p.-primed donor CD8+ T cells at 
day 29 after challenge. Horizontal bars represent the mean. (B) Frequency 
of CD69+ cells among CD8+tetramer+ cells in the spleen and MLN for  
secondary memory T cells from each donor population and host primary 
memory T cells. Error bars indicate SD. (C) i.p.-primed CD8+tetramer+  
donor cells in the MLN after secondary i.n. challenge with Sendai virus. 
The numbers indicate the percentage of cells in each quadrant gated on 
tetramer+ CD8+ cells. Samples were pooled from five mice. The data are 
representative of two independent experiments.1158 Lung imprinting of memory CD8+ T cells | Takamura et al.
(Kohlmeier and Woodland, 2009). Although the current 
study  supports  this  hypothesis,  we  have  extended  these 
findings by showing that residual antigen by itself is insuffi-
cient. Rather, we provide conclusive evidence that the en-
hanced recruitment of memory CD8+ T cells to the lung 
airways in the initial months after infection is mediated by two 
separate events: initial priming in the lung-draining LNs and 
recognition of residual antigen.
An important question raised by these studies is why i.p.-
primed memory CD8+ T cells fail to be activated by cognate 
residual antigen. First, this failure is not the result of an altered 
distribution of i.p.-primed memory CD8+ T cells in the MLN 
(Fig. 3). Second, although it was possible that i.p. infection 
resulted in the generation of low-affinity memory CD8+ T cells, 
this is also an unlikely explanation because we observed the 
same differences between i.p.- and i.n.-primed TCR trans-
genic memory CD8+ T cells (Fig. S2 and not depicted). Third, 
there is no evidence that i.n.-primed memory CD8+ T cells 
prevent the access of i.p. memory CD8+ T cells to APCs be-
cause transient depletion of i.n.-primed memory CD8+ T cells 
failed to enhance access of i.p.-primed memory CD8+ T cells 
to residual antigen (Fig. S5). Nevertheless, despite all these 
similarities, only i.n.-primed memory CD8+ T cells were   
selectively activated by residual antigen in the MLN.
Overall, the current findings show that initial priming of 
CD8+ T cells in the lung-draining LNs during a respiratory 
infection enables these cells to access the secondary signals 
necessary for optimal recruitment to the lung airways under 
steady-state conditions. The requirement of both factors for 
the recruitment of memory CD8+ T cells to the lung airways 
is unique to this site, suggesting that a specific imprinting 
program occurs after a respiratory virus infection. Clearly, 
these findings have to be considered for the design of vac-
cines intended to generate memory CD8+ T cells capable of 
providing effective surveillance for respiratory pathogens.
MATERIALS AND METHODS
Viruses, mice, and infections. Sendai virus (Enders strain) and influenza 
virus A/HK-x31 (x31) were grown, stored, and titered as previously de-
scribed (Hikono et al., 2007). The recombinant influenza virus A/WSN/33 
(WSN)-OVAI and x31-OVAI containing the OVA257–264 (SIINFEKL) pep-
tide in the neuraminidase stalk were provided by R. Dutton (Trudeau Insti-
tute, Saranac Lake, NY). Female C57BL/6J, B6.PL-Thy1a/Cy (CD90.1+), 
and B6.SJL-Ptprca Pep3/BoyJ (CD45.1+) mice were purchased from The 
Jackson Laboratory. OT-I transgenic mice (CD45.1+ and CD90.1+ back-
ground) were provided by R. Dutton. Animals were housed under specific 
pathogen-free conditions. Mice (6–8 wk) were infected i.p. (104 EID50 for 
Sendai, 1,333 PFU for WSN-OVAI, and 5,667 PFU for x31-OVAI) or i.n. 
(250 EID50 for Sendai and 300 EID50 for x31) with each virus in a variety of 
combinations as indicated. For i.n. infection, mice were anesthetized by i.p. 
injection of 2,2,2-tribromoethanol. Additionally, some groups of mice were 
challenged i.n. with 1 µg CpG ODN 1826 (InvivoGen). All animal studies 
were approved by the Trudeau Institute Animal Care and Use Committee.
Adoptive transfer model. For the dual adoptive transfer approach, con-
genic donor mice were either infected i.p. or i.n. with Sendai virus. 30 d later, 
CD8-enriched splenocytes were combined such that the number of Sendai 
NP324-332/Kb-specific CD8+ T cells in each donor population was equal (7 × 105 
Sendai-specific cells from each donor). The combined cells were transferred 
to the airways with equal efficiency at the peak of the sec-
ondary response (Fig. 4 D). Therefore, the inability of i.p.-
primed memory CD8+ T cells to be reactivated by residual 
antigen resulted in a dramatic impairment of their recruit-
ment to the lung airways, but this impairment was manifest 
only during steady-state conditions.
Secondary i.n. challenge reprograms i.p.-primed memory 
CD8+ T cells
Although the previous data have shown that the inability of   
i.p.-primed memory CD8+ T cells to be efficiently recruited to 
the lung airways is a result of their inability to be reactivated by 
residual antigen in the MLN, and that a subsequent i.n. chal-
lenge could confer airway homing to secondary effector T cells 
generated from i.p.-primed precursors (Fig. 4 D), it was un-
clear whether this homing was maintained into the memory 
stage. To determine whether the defective homing of i.p.-
primed memory T cells under steady-state conditions could be 
corrected by a subsequent i.n. infection, we used a dual adop-
tive transfer approach to compare the migratory efficacy of 
secondary memory T cells that had been generated from pri-
mary i.n.- and i.p.-primed memory CD8+ T cells after second-
ary challenge. As shown in Fig. 5 A, the relative recruitment of 
secondary memory CD8+ T cells to the airways 30 d after chal-
lenge was equal regardless of initial priming. In support of these 
data, cells initially primed i.p. were now able to be reactivated 
by residual antigen to a similar degree as i.n.-primed cells. As 
shown in Fig. 5 B, secondary memory CD8+ T cells generated 
from i.p.- and i.n.-primed precursors (open bars and black bars, 
respectively) both expressed high levels of CD69 in the MLN, 
and this expression was comparable to primary host memory 
CD8+ T cells (gray bars). In addition, the ability of secondary 
memory CD8+ T cells initially primed i.p. to now recognize 
residual antigen correlated with increased expression of CD49a 
and CD103 (Fig. 5 C). Notably, the route of challenge is also 
important for the enhanced airway recruitment of secondary 
memory CD8+ T cells, as an i.p. challenge resulted in minimal 
recruitment of secondary memory cells generated from both 
i.n.- and i.p.-primed precursors (Fig. S4). Thus, the inability of 
i.p.-primed memory CD8+ to recognize residual antigen can 
be corrected by a subsequent i.n. virus challenge, and this cor-
rection fully restores the steady-state recruitment of memory 
CD8+ T cells to the lung airways.
There is compelling evidence that memory T cells resi-
dent in peripheral tissues play a key role in mediating T cell–
dependent protective immunity against microbial pathogens 
(Hansen et al., 2009; Woodland and Kohlmeier, 2009). Pre-
vious studies demonstrated that memory CD8+ T cell numbers 
in the lung airways undergo a gradual decline in the first sev-
eral months after a respiratory virus infection before finally stabi-
lizing at a relatively low number that is maintained for the life of 
the host. Several related avenues of investigation have shown 
that both antigen-dependent and -independent processes can 
contribute to memory T cell recruitment to the airways, leading 
to the hypothesis that the gradual decline of airway-resident 
memory T cells is a consequence of residual antigen clearance JEM VOL. 207, June 7, 2010  1159
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